The low molecular weight polypeptide ubiquitin is commonly found conjugated to other protein species. The ubiquitin moiety has a well characterised role in targetting many of these proteins for rapid degradation [reviewed in I]. Some ubiquitin conjugates however, such as the ubiquitinated histones H2A and H2B, appear to be long-lived and formed reversibly [2]. There is limited evidence for the ubiquitination of cell-surface proteins, for instance, the lymphocyte homing receptor LECAM-1 [reviewed in 31. Moreover, anti-ubiquitin antibodies inhibit several high-affinity neurotransmitter uptake systems when incubated with intact rat synaptosomes [4] . We have therefore investigated the possible ubiquitination of plasma membrane proteins in the mammalian central nervous system. Subcellular fractions from adult rat brain were prepared by a modification of the procedure of Cotman and Taylor [5] as previously described [6] . All operations were carried out in the presence of the following cocktail of protease inhibitors; 0.2mM phenylmethylsulphonyl fluoride (PMSF), and lpglml each of leupeptin, pepstatin, chymostatin and antipain. Affinity-purified rabbit anti-ubiquitin antisera have been prepared by a modification of the method of Haas and Bright [7] . Western blotting of brain fractions was carried out by standard protocols [8] using a wet blotting system. 
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Samples of homogenate (lane A), cytosol (B), myelin (C), light membranes (D) and synaptic membranes (E)
, each loaded at 70pg of protein per track, were resolved on a 10% gel. The blot was developed with the anti-ubiquitin antiserum followed by an anti-rabbit alkaline phosphatase conjugated secondary antibody. Gels were calibrated using SDS-7B prestained molecular weight markers (Sigma). UB -Free ubiquitin.
UC -Ubiquitin conjugate with molecular weight in kD.
INT -p-iodonitrotetrazolium violet, a dye used in the sucrose gradient separation of fractions C, D and E.
We have shown that the cocktail of inhibitors did indeed protect the fractions from extensive degradation of ubiquitinated proteins and, unlike other combinations of inhibitors, did not interfere with the purity or yield of the various subcellular fractions. Aging of synaptic membrane fractions for 16 hours at room temperature showed that anti-ubiquitin conjugate immunoreactivity was preserved by the full cocktail of inhibitors, whereas control samples showed significant loss of this immunoreactivity.
As shown in Fig. 1 , immunodevelopment of Western blots of a range of subcellular fractions reveals a complex pattern of immunoreactive polypeptides. For example, there are at least twenty distinct bands in the homogenate (Lane A). The majority of these proteins have molecular weights greater than 55kD.
Each of the fractions including the synaptic membranes (lane E), has its own characteristic pattern of immunoreactive bands, except the myelin which contains no detectable reactivity.
Several of the prominent immunoreactive species are labelled on the figure. Some of these prominent conjugates appear to be specifically enriched in a particular fraction. For example, the doublet which we have designated UC72 has only been detected in the synaptic membrane fraction, whereas UC43 is predominantly found in the cytosol. Other conjugates such as UC195, UC180, UC150 and UC62 are present in several fractions, suggesting that they are present in more than one subcellular compartment. UC95 appears to be enriched in both the light and synaptic membrane fractions as well as in the microsomal fraction (not shown), suggesting that this conjugate is a membrane-associated protein. As expected, free ubiquitin is only found in the cytosolic fraction. It is only weakly detected since the conditions used in Western blotting and immunodevelopment favour the detection of ubiquitin-protein conjugates.
Coomassie brilliant blue staining of unblotted gels has shown that the intensity of immunoreactivity does not correlate to protein concentrations, and that only a selected population of proteins in each fraction are immunoreactive. These observations together with the absence of immunoreactivity in myelin suggests that the antisera are specific for ubiquitin and its conjugates.
We have also raised mouse monoclonal antibodies to ubiquitin.
On immunodevelopment of synaptic membrane fractions, these reveal a similar pattern of multiple immunoreactive bands as is observed with the polyclonal antisera. In particular, the UC72 doublet is also revealed by these antibodies. Our results suggest that many plasma membrane-associated proteins of the nervous system are ubiquitinated, and that there is specific enrichment of a 72kD doublet of proteins in synaptic membranes. The results are consistent with the possibility that there are ubiquitinated proteins at the synapse.
